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1 .  INTRODUCTION 

A  low  energy  proton  spectrometer  (LEPS)  was  flown  on  the  Air  Force 
S3-2  polar  orbiting  satellite  to  observe  primarily  the  trapped  protons 
in  the  0.1  to  6  MeV  energy  range  (Pantaxis  c^t  aj..,  197  5).  In  the  polar 
regions,  which  usually  showed  low  proton  fluxes,  the  LEPS  recorded  high 
counts  in  a  single  direction  below  the  satellite  horizon  over  the  course 
of  the  five-month  operational  period.  The  same  pattern  of  observations 
can  be  seen  in  the  work  of  Imhof  et  al.  (1974),  where  a  Ge(Li)  spectro¬ 
meter  was  used  to  observe  bremsstrahlung  X-rays  from  the  auroral  zones. 
Although  the  I, EPS  is  theoretical ly  inefficient  in  detecting  X-rays,  in 
this  report  we  contend  that  it  is  the  X-ray  aurora  that  best  explains 
qualitat ively  the  dominant  feature  of  the  LEPS  polar  observations. 

During  the  last  decade  several  researchers  have  correlated  observed 
electron  spectra  with  observed  X-ray  spectra  in  the  auroral  zones.  In 
such  research,  bremsstrahlung  X-ray  measurements  provide  a  broader  pic¬ 
ture  of  the  auroral  zones  than  the  more  spatially  limited  electron  ob¬ 
servations.  This  report  offers  qualitative  observational  information 
on  the  subject  of  the  correlation  between  precipita ting  electrons  and 
the  emerging  bremsstrahlung  X-rays  as  observed  by  detectors  on  the  S3-2 
sa  tel  1  ire. 

The  Air  Force  S3-2  satellite  was  launched  December  5,  1975  into 
i  polar  orbit  in  the  noon-midnight  meridian  with  an  apogee  of  1540  km, 
perigee  of  230  km,  inclination  of  96.3  degrees,  and  a  period  of  1.71 
hours.  The  as 'ending  node  was  on  the  nighttime  equator.  The  satellite 
spin  oriod  was  anprox imn tely  18.5  seconds,  with  the  spin  axis  perpen¬ 
dicular  to  the  orbital  plane. 

The  l  KPS  provided  useful  proton  observations  in  the  trapping  and 
proc i p i i a t ing  latitudes  during  the  operational  period  from  launch, 
December  1975  to  May  19  76.  However,  in  the  polar  regions,  here  defined 
as  poleward  of  the  proc ipi ta t i ng  regions,  although  evidence  of  anv 
solar  proton  fluxes  is  sparse  and  restricted  to  solar  active  periods, 
the  observation  of  varying  high  counts  from  a  single  preferred  direc¬ 
tion  below  the  satellite  horizon  persists  throughout  the  five  month 
period.  This  report  explains  that  these  anomalous  polar  observations 
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are  the  result  of  electromagnetic  radiation,  namely,  bremsstrah  1 ung  X- 
rays  originating  in  the  aurora J  zones. 

The  following  section  gives  a  description  of  the  LEPS  polar  obser¬ 
vations.  Since  the  most  statistically  significant  counts  are  contained 
in  the  first  energy  channel  (100  +  20  keV) ,  we  will  concentrate  on  that 
energy  channel.  Usually,  only  the  first  six  channels  have  statistically 
significant  counts  (82  keV  <  K  •'  680  keV).  Evidence  that  the  observa¬ 
tions  must  be  due  to  the  electromagnetic  radiation  necessitates  the 
evaluation  of  the  finite  sensitivity  of  the  I. KPS  to  X-rays  in  the  hun¬ 
dred  keV  energy  range.  Analysis  of  the  observations  will  then  give  con¬ 
firmation  that  X-ray  aurorae  and  not  solar  particles,  per  se,  are  what 
were  observed.  Because  of  the  low  efficiency  of  this  detector  to  X- 
rays,  however,  only  qualitative,  order  of  magnitude  conclusions  on 
these  polar  observations  of  the  X-ray  aurorae  can  be  made. 

2.  OBSERVATIONS 

From  roughly  1100  S3-2  data  tapes  processed  by  the  Air  Force  Geo¬ 
physics  hab.,  245  tapes,  each  containing  a  partial  or  full  orbit  during 
the  10  December  1975  to  26  April  1976  operational  period  for  the  LEPS, 
have  been  further  processed.  Figure  1  shows  a  typical  data  record  of 
the  spin-modulated  counting  rates  plotted  as  a  function  of  time  for  a 
northern  hemisphere  pass  in  the  100  keV  energy  channel  of  the  LEPS. 

Night  and  day  trapping,  precipitat ing  and  polar  regions  are  indicated 
in  the  figure.  This  pass  shows  a  symmetry  in  the  polar  observations 
between  night  and  day.  In  the  northern  hemisphere,  orbit.  1  passes 
during  the  time  interval  of  18  to  24  hours  UT  fell  close  to  the  mid¬ 
night-noon  magnetic  meridian.  Orbital  passes  outside  of  ibis  universal 
time  interval  fell  toward  the  evening  sector  away  from  the  midnight- 
noon  magnetic  meridian.  Symmetry  of  the  polar  observations  in  passing 
from  the  night  to  daysidc  of  the  magnetic  pole  correlates  well  with  the 
closeness  of  the  orbit  to  the  midnight-noon  magnet ie  meridian.  In  con¬ 
trast  to  the  data  shown  in  Figure  1,  the  dynamic  range  of  the  polar 
counts  is  demonstrated  by  the  April  1/,  1976  polar  pass  (of  Fig.  2) 
which  shows  minimal  (near  zero)  counts  during  the  time  o!  very  low 


magnetic  activity  (Kp  -  2-).  In  general,  a  correlation  existed  between 
the  magnitude  of  the  polar  counts  and  the  magnitude  of  the  planetary 
magnetic  t hreo-hour-rnngc  indices,  Kp,  reproduced  in  Figure  1  lor  the 
five  month  period  under  consideration.  In  their  recent  work,  imhof  et  a 
(1S)80)  present  evidence  that  the  local  dusk  sector  experiences  the  more 
intense  electron  precipitation,  and  hence  X-rav  bremsst rail  1 ung ,  compared 
to  any  other  local  geomagnetic  time  region.  The  S3-2  LEPS  north  polar 
observations  during  the  five  months  observing  period  tend  to  add  evi¬ 
dence  to  this  case.  The  S3- 2  orbit  d:d  not  traverse  the  northern  dawn 
sector.  But  the  comparison  of  the  polar  observations  from  orbits  over 
late  night  to  late  morning  vs.  early  evening  to  noon  show  that  the  dusk 
sector  gives  the  relatively  higher  counts  (proportional  to  the  Kp  of 
the  t  ime) . 

In  Figure  4,  a  plot  of  the  range  in  invariant  latitude,  local  geo¬ 
magnetic  time  covered  by  the  satellite's  north  polar  orbits  is  demon- 
St  rat  oil.  Tho  9h  t  3h  LIT  pass  represents  one  extreme  where  the  orbit 
passes  along  the  dusk  side  over  the  auroral  oval.  The  21^  i:  3^  FT  pass 
gives  the  other  extreme  where  a  late  evening  to  late  morning  crossing 
over  the  auroral  oval  is  made.  Orbits  at  other  universal  times  lie  in 
between  these  extremes.  Approximate  invariant  latitude  and  local  geo¬ 
magnetic  t  ime  lor  any  of  tho  counts  vs.  time  plots,  given  its  universal 
time,  can  be  read  off  the  auroral  oval  nomograph  of  Figure  4. 

Figure  3  gives  a  representative  selection  of  the  data  from  the 
north  polar  region  for  the  five  month  period.  For  active  to  quiet 
map, ih> <  ic  Kp  indices,  column  A  demonstrates  the  data  for  the  dusk  side 
passes  and  column  B  for  the  late  evening  to  late  morning  passes. 

Hie  counts/ second  over  a  single  18-second  spin  period  in  the  polar 
region  show  an  asymmetric  distribution  with  a  persistent  single  enhanced 
peak  (cf.  print  plot.  Figure  10).  I n  contrast,  a  monoenerget i c  beam  of 
charged-particle  radiation  in  the  presence  of  a  magnetic  field  and 
hence  spiraling,  particles,  must  show  a  double  peak  of  equal  intensity 
to  i  detector  viewing  around  a  plane  (('1  .  Figure  h)  ,  Tho  spiraling 
charged  radial  ion  would  g  ive  ecpial  intensity  peaks  at  t  ' 1  pitch  angle. 
Although  tlie  LKFS  polar  observations  usually  contain  two  peaks  within 
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a  single  spin,  they  are  neither  of  equal  intensity  nor  separated  by  t  '• 
pitch  angle.  The  peaks  occur  at  pitch  angles  of  -120*  an  I  4-1  It)"  in  t  lie 
north  night  and  day,  respectively,  and  at  pitch  angles  of  -8(V  and  +70 
in  the  south  night  and  day,  respectively.  Although  this  is  a  difference 
of  only  10°,  nevertheless  the  argument  for  a  single  peak  is  cor rot  ora t  i  t! 
from  the  strong  connection  of  the  look  direction  angle  of  the  peak  to 
the  geometrical  location  of  the  auroral  zone.  This  will  >e  explained 
more  fully  in  a  later  section.  'Mins,  the  evidence  is  that  tin*  peak  ob¬ 
servation  is  not  of  charged  particles,  i.e.,  protons  or  electrons,  but 
rather,  is  from  viewing  two  discrete  sources  of  electromagnetic  radia¬ 
tion  at  two  different  directions. 


3 .  DETECTOR  SENSITIVITY 

The  LEPS  was  designed  to  detect  and  analyze  protons  in  the  0.1  l<> 

6  MeV  energy  range.  Two  totally  depleted  Si(l.i)  surface  >arricr  dela  ¬ 
tors  were  used  in  an  anticoincidence  mode.  Full  description  of  the  in¬ 
strument  can  be  found  in  Pantazis  et  a  1 .  (197S),  Table  1  gives  the 
energies  of  the  eleven  channels  of  the  LEPS.  The  wide  an;le  (Ah  )  LEPS 
instrument  on  the  S3-2  satellite  gave  useful  proton  observations  in  tin* 
high  flux,  trapping  and  precipitating  regions  during  the  '  ive  month 
operational  period.  The  anomalous  single  peak  observation  in  the  polar 
regions  raise  the  question  of  the  sensitivity  of  the  LEPS  to  X-rays. 

An  incident  X-ray  can  generate  an  electronic  charge  in  the  detec¬ 
tor's  sensitive  volume  in  three  energy-dependent  wavs:  bv  the  photo¬ 
electric  effect,  by  the  Compton  effect,  and  bv  pa i r- product i on .  The 
fact  that  pair-production  occurs  above  1.1  MeV,  where*  the  LEPS  in  the 
polar  regions  sees  no  counts,  makes  it  unnecessary  to  consider  it  here. 
Figure  7  shows  the  percent  efficiency  to  charge  generation  from  the 
photoelectric  and  Compton  effects  in  the  100  i»  silicon  l rent  detector. 
These  curves  arc*  computed  from  the  t  rnnsm  i  ss  i  on  equation 

N  -  V'“X 

where  NQ  =  number  of  incident  photons  at  a  particular  energy, 

N  -  number  of  transmitted  photons. 


iJ  =  absorption  coot'  f  i  c  ion  t  in  silicon  for  particular  energy  , 

x  =  thickness  of  silicon. 

It  can  bo  soon  that  the  LEPS  is  about  an  order  of  magnitude  more 
sensitive  to  electron  charge  generation  by  Compton  scattered  electrons 
than  by  photoelectrons  at  100  keV.  At  higher  energies  the  photoelectric 
effect  is  a  much  less  efficient  source  of  electron  generation.  Con¬ 
sequently*  charge  in  the  front  detector,  primarily  due  to  Compton 
scattered  electrons  from  an  incident  X-ray  source,  would  give  pulses  or 
counts  in  the  100  ke V  to  b  MeV  energy  channels.  Clearly,  the  LEPS  is 
not  immune  to  X-rays.  In  fact,  in  a  space  region  devoid  of  protons,  an 
X-rav  flux  could  account  for  a  significant  counting  rate  by  Compton 
scattering  alone. 

4 .  ANALYSJS 

The  source  of  the  single*  peak  polar  observation  will  be  explored  and 
discussed  in  this  section.  For  a  detailed  analysis  we  have  selected  the 
data  acquired  during  a  north  polar  pass  in  a  magnetically  active  time. 

The  same  cons idern t ions  and  results  to  be  expressed  here  apply,  in  form, 
to  all  the  polar  regions  both  north  and  south  during  the  five  month 
period. 

Tile  single  peak  obsorvat  ion  bv  the  LEPS  when  in  the  polar  region 
is  not  due  to  a  source  local  to  the  satellite.  Protons  cannot  be  a 
local  source  for  two  reasons.  First,  another  experiment  onboard  the 
same  SI-2  satellite  showed  that  the  proton  flux,  specifically  at  100  keV, 
in  the  polar  reg i  m  was  at  background  level  with  no  preferential  pitch 
angle  peak  (A.L.  Vampola,  private  communication).  Second,  as  stated 
earlier,  a  proton  1  lux  at  anv  one  energy  and  a  preferred  direction  would  show 
at  least  a  double  peak  of  equal  intensity  at  pitch  angles  £  The 

tact  that  the  LEPS  efficiently  and  accurately  observed  the  proton  flux 
outside  the  polar  region  is  reason  enough  that  any  proton  flux  within 
tin  polar  region  would  also  be  seen. 

Likewise,  eleet  roils  (Mil  be  ruled  out  as  a  local  sourer  of  t  he  LEPS 
single-peak  polar  observations  -  either  direct  tv  or  as  a  source  of  local 
bremss l rail  1 nng .  Directly,  the  LEPS  is  immune  to  seeing  electrons  by 


H 


being  equipped  with  a  1400  gauss  sweeping  magnet.  This  magnetic- 
shielding  efficiently  swept  away  electrons  up  to  600  keV  in  the  high  llux 
trapping  region,  i.e.,  the  trapped  proton  observations  by  the  LKPS  were 
uncontaminated  by  electron  counts.  Local  hremsst rah  1 ung  cannot  be  a 
source  of  the  single  peak  for  two  reasons.  First  the  energetic  electron 
flux  seen  by  another  experiment  onboard  the  same  S3-2  satellite  (A. L.  Vanipn 
private  communicat ion) ,  while  in  the  polar  region,  was  at  a  low  level. 
Second,  if  the  LEPS  were  sensitive  to  local  bremsstrah lung  generated  by 
the  low-level  electron  flux  despite  the  reasonably  adequate  shielding  of 
the  LEPS,  then  presumably  the  observation  would  be  more  or  less  omni¬ 
directional  and  not  at  the  single  significant  direction.  Furthermore, 
the  same  sensitivity  would  be  apparent  in  the  trapped  radiation  regions 
where  there  are  large  fluxes  of  trapped  electrons.  The  single  preferred 
(consistently  recurrent)  direction  of  the  polar  observation  is  in  fact 
explained  in  the  following  text  by  a  source  remote  to  the  satellite, 
namely,  the  X-ray  aurora. 

It  is  known  that  the  auroral  zone  emits  X-rays  isotropically  by 
the  bremsstrahlung  process  due  to  precipitating  electrons  incident  on 
the  atmosphere  at  approximately  100  km  altitude.  The  single  peak  ob¬ 
served  by  the  LEPS  in  the  polar  region  is  evidence  of  its  sensitivity 
to  electromagnetic  radiation  in  the  X-ray  (100  keV)  energies;  the  pre¬ 
ferred  direction  of  this  single  peak  observed  from  various  orbital 
vantage  points  is  precisely  the  direction  of  the  aurora. 

Because  of  the  extreme  magnetic  activity,  we  analyze  in  detail 
the  data  of  orbit  1569  on  March  26,  1976,  9^  UT  in  the  f o I  1 owi ng  dis¬ 
cussion  (cf.  Figure  8).  Figure  9  shows  to  scale,  in  the  orbiting  plane, 
the  north  polar  pass  of  the  orbit  1569.  The  look  angle  from  the  local 
nadir  at  which  the  single  peak  is  seen  is  portrayed  from  four  orbital 
vantage  points  (a,b,c,d).  Figure  10  shows  the  100  keV  observations 
during  a  single  spin  corresponding,  to  the  four  vantage  points.  Here 
pitch  angles  are  given. 

As  the  satellite  passes  in  the  night  side,  from  south  of  the  aurora 
where  the  peak  occurs  at  look  angle  684"  of  t  the  n.uiir  to  t  lie  north  o) 
the  aurora  where  f  lie  peak  is  seen  at  -65‘  ol  I  the  nadir,  the  angle  ol 
the  peak  might  be  expected  to  move  through  zero  degrees.  However,  with 
the  LEPS  .aperture  el  46'  at  an  all  i  l  iu,  «>t  uppr<  •  \  ima  t  e  1  v  1200  km,  less 
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area  of  the  aurora  is  in  view  when  overhead  than  when  oblique.  Fu  r  t  in  •  r::u  r. , 
when  Lhe  aurora  is  viewed  perpend i ru J ar 1  rompartHi  to  nearlv  Mori  yon- 
LaLts  to  its  area,  a  decrease  in  X-rav  intensity  ^p.Mtor  than,  an  k.rder 
of  magnitude  occurs.  This  effect  is  presented  in  detail  by  the  recent: 
work  of  Walt  et  aj  .  (1979)  who  show  that  bremss  trahl  ung  X-rays  escape 
Lite  auroral  zone  pref  eren  t  i  a  l  1  v  at  angles  ne.ir  the  horizontal.  Also, 
this  effect  is  more  pronounced  for  the  higher  photon  energies.  At 
vantage  point  c  (cf.  Figure  9),  the  daysidc  peak  has  increased  to  a 
brightness  equal  to  the  decreasing  night side  peak.  As  the  satellite 
moves  on  to  vantage  point  d,  the  Look  angle  tends  to  move  slightly 
closer  to  the  nadir  (from  +65°  now  to  +60°)  before  the  single  peak  is 
covered  by  the  precipitating  and  trapping  proton  fluxes. 

The  auroral  zone  is  located  within  the  field  of  view  of  the  46° 
aperture  of  the  LKPS  when  pointing  at  these  look  angles  both  for  the* 
night  and  clays ide  aurorae.  Corroboration  of  this  fact  is  obtained  from 
the  Icu'at ion  of  the  precipitating  electron  regions  given  by  two  electron 
experiments  on  board  the  same  S3-2  satellite  for  the  same  March  26,  1976 
orbital  pass  as  well  as  from  a  DMSP  photograph  of  the  visible  aurora, 
electron  observations  in  the  36  to  317  keV  energy  range  (A.L.  Vnropoli,  pri¬ 
vate  communication)  locate  the  precipitating,  and  consequently  auroral, 
region  between  49  to  61°  magnetic  latitude.  Observations  from  an  elec¬ 
tron  sensor  in  the  80  oV  to  17  keV  energy  range  (R.  Vancour,  private 
romimm  i.-at  ion)  locate1  the  precipitating  region  between  32°  and  60°  mag¬ 
netic:  latitude.  The  DMSP  photograph  (cf.  Figure  11)  of  the  visible 
aurora  from  an  orbital  pass  crossing  the  same  nighttime  auroral  area  as 
the  S3- 2  satellite  and  just  23  minutes  after  the  S3-2  pass  puts  the 
equatorwarl  edge  of  the  bright  continuous  aurora  at  a  corrected  geo¬ 
magnetic  latitude  of  38°.  Bright  discrete  arcs  and  hands  are  observed 
poleward  to  68°.  The  sudden  commencement  of  the  major  geomagnetic 
storm  began  at  0233  UT.  The  Ap  value  reached  138,  making  it  the  fifth 
highest  va I ue  of  the  20th  solar  cycle.  The  planetary  magnetic  throe- 
hour-range  index,  Kp ,  for  this  date  remained  high  lor  24  hours.  The 
earth's  polar  cap  underwent  a  verv  large  expansion  during,  this  storm. 

In  Figure  12,  both  the  S3- 2  and  DMSP  orbi ts  are  plotted  on  the  auroral 
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oval  nomograph  (Whalen,  1970)  for  the  largest  polar  tap  expansion 
given  for  a  complete  oval  (Q=7).  The  discrete  arcs  and  bright 
continuous  aurora  have  been  sketched  in  from  tlu.*  photograph  to  show 
that  for  this  storm  the  auroral  oval  has  expanded  even  more  than 
indicated  in  the  nomograph. 

We  have  attempted  to  compute  a  predicted  bromsst rahl ung  X-ray 
flux  at  the  LEPS  aperture  given  the  observed  precipitating  electron 
flux.  The  observed  count  ra^e  for  the  point  under  study  is  10 4  cts/see. 
This  occurs  at  altitude  ^900  km,  magnetic  latitude  ''70'\  and  FT  9**. 

An  arrow  on  Figure  8  points  out  the  time  under  study  for  the  forth¬ 
coming  comparison  of  observed  vs.  predicted  count  rate  at  the  LEPS. 

A  "best  case"  approach  in  estimating  the  configuration  of  the  LEPS 
with  respect  to  the  auroral  zone  is  taken  in  order  to  maximize  the 
predicted  count  rate  result.  Referring  to  Figure  1  i,  the  opening, 
angle  of  the  LEPS  is  46°  and  the  subtended  arc  is 

£  =  2r  sin  }  0  =  2(288f>  km)  sin  23“ 

f.  =  2255  km, 

assuming  the  satellite  is  26°  poleward  I rom  i he  average  latitude  of 

the  aurora.  From  the  S3-2  electron  data  of  Vampola  (private  comimm- 

i  cat  Ion)  the  extent  of  the  proc ip i ta t i ng  zone  is  approx ima t e 1 y  15 

in  latitude  or  1665  km.  Thus,  the  ein  i  l  l  ins;  volume  is  2255  km  v  I  6f>  »  km  " 
16  2 

3.75  x  10  cm  .  based  on  the  electron  obs«*rvat  i  ons  tor  the  date,  tin* 

flux  of  prec  ipi  ta  t  i  ng  electrons  over  Litis  auroral  zone  is,  mi  tin* 

average,  3.5  x  10^  elect  rons/cm  ^-sec.  From  the  area  in  view  of  the 

LEPS,  the  total  electron  flux  is  jj  =  1.3  *  10*  e  l  ec  I  tons /sec .  Tlu* 

total  area  A,  of  a  sphere  centered  on  the  auroral  area  and  having,  a 

18  * 

radius  equal  to  the  satellite  distance  away  is  1.05  '  10  cm*’.  Thus, 

5  2 

$/A  -  1 . 25  x  10  elec trons/cm^-sec .  We  assume  an  isotropic  distribution 

of  the  bremss trahlung  flux  and  further  neglect  tlu*  atmospheric  absorption 

(jus tilled  because  of  the  high  (100  keV)  onergv  cons i tie red  along  with 

the  very  small  residual  atmosphere  between  100  km  and  the  satellite 

altitude).  In  order  to  obtain  the  bremss  trail  1  ung,  flux  at  t  lie  deLector 

we  use  the  numbers  calculated  by  Berger  and  Seltzer  (1972),  'F(K)/.I^keV 

the  differential  bremss t rah  1 ung  flux  per  unit  incident  electron  current 

5 

and  multiply  by  the  above  computed  fa  or  1.75  v  1(1  .  The  e-folding 


enerp,y  obtained  t  rom  the  electron  data  is  appro:-  im.ilelv  'it  •  k*V. 


Thus  T(K)/d  keV  ^  differential  is  /  >  10  \  Tie  total  bremss  f  r  ah  1  mi.: 

o 

flux  com  mted  for  the  100  keV  (All  =  A 1  keV)  chainel  <»i  tin*  U-Ts  is 


7  x  lu 


phot  oils 
e  1  ec  t  i  ons*  keV 


..  plio  t  ons  , 

*  >  ,  whore  i  -  e!  i  i«*  enev  ot  vu  teetur 

S(‘t‘ 

Referring  to  l-’h'.ure  7  shows  that  the  expected  percent  elliciency 
of  the  OKI’S  to  100  keV  plio t oe  1  is: t rons  is  only  0.27.  (A  laboratory 
calibration  ol  tlie  OKI’S  for  its  sensitivity  to  X  rays  was  not  performed.) 
The  final  predicted  photon  count s /sec  for  this  date  of  interest  is 

7.2  x  o.2%  =  0.0144. 

Thus  there  exists  a  gr  ea t  discrepancy  between  the  predicted  value  of 
-2 

approximately  10  *”  ct s/sec  and  the  observed  value  of  approximately 
in4  ots/soc . 


r>.  CONCIA'S  I  ON 

Tli is  study  has  shown  that  the  OKI’S  is  considerably  more  sensitive1 
to  X-rays  than  initially  predicted. 

A  possible  reason  for  this  discrepancy  could  be  that  the  Berber 
and  Seltzer  calculation  assumes  a  simple  exponential  spectrum  for 
the  precipitating  electrons.  Some  actual  measurements,  however,  show 
a  two  (or  more*)  component  electron  spectrum  which  probably  results 
in  .i  higher  X-rav  production  rate.  Also,  this  instrument  was  not 
caret  ally  calibrated  for  X-rays  prior  to  launch.  There  may  be  inherent 
design  characteristics  that  result  in  a  higher  than  expected  counting 
rate  bv  X-radiation.  Compton  scattering  in  t  lu*  detector  might  well 
he  a  source  ol  some  ol  t  lie  counts  adding  up  in  the  various  energy 
channels,  hut  this  in  itself  does  not  resolve*  the  discrepancy.  The 
tart  that  the  I, KPS  recorded  a  signal  at  times  as  large  as  2  x  I0  +  cts/sei 
in  the  auroral  direction  warrants  attention  in  designing  and  operating 
‘iiiv  detectors  similar  in  design  and  construction  to  the  hi. PS  and 
operating  them  in  air*  orbital  ronf  igurat  i  on  similar  to  that  of 
t  In-  S  1-2  sat  el  I  i  t  e . 

finally,  the  relatively  certain  results  in  this  study  of  the  live 
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months  observations  are:  the  single  high  peak  is  always  seen  in  Lite 
auroral  zone  direction;  the  peak  is  more  intense  the  greater  the  Kp 
?  index,  and  the  dynamic  range  of  auroral  X-rays  of  four  or  five  orders 

of  magnitude  found  in  other  auroral  X-ray  studies  seems  to  he  found  in 
•  these  observations. 
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FIST  OF  n CUKES 

Typical  data  record  of  northern  hemisphere  showing  the 
anomalous  single  peak  in  the  polar  region.  'Hie  peak  is 
seen  once  per  18  second  spin  from  a  direct  ion  below  t  hr 
satellite’s  local  horizon.  The  night  peak  at  a  particu¬ 
lar  pitch  angle  decreases  as  tin*  pole  is  approached,  and 
the  dav  peak  at  a  different  pitch  angle  increases  as  the 
satellite  recedes  from  the  pole. 

Polar  peak  virtually  disappears  during  this  time  ot  low 
magnetic  activity  (Kp  =  2-). 

Planetary  magnetic  three-hour-range  indices*  December  10, 
1975  to  April  29,  1976. 

Projection  oF  north  polar  pass  of  satellite  orbits 
on  an  invariant  latitude,  magnet ie  local  time  diagram. 

Comparison  of  polar  peak  observations  f rom  dusk  side 
(col.  A)  with  m idn i ght-noon  passes  (col.  H)  for  high  to 
low  Kp  index. 

A  monoenerget ic  beam  of  spiraling  ('barged  particle  radi¬ 
ation  having  particle  velocity  v  would  bo  observed  at 
iff  pitch  angle  with  respect  to  magnetic  field  line  H  bv 
a  detector  spinning  in  a  plane. 

Theoretical  percent  of  X-rays  absorbed  in  UK)  p  silicon 
(f.KPS  front  detector)  due  to  photoelectric  and  Compton 
e  f  fee ts . 

The  anomalous  polar  peak  reaches  an  intensity  of  2  x  l(V4 
counts/sec  on  this  north  polar  pass,  March  26,  197n.  K(> 

8-;  UT  =  f)1’. 
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pt  *  I  ii  orbit  tii*  k.  I’i(  tuivd  if*  I  mil  ofPil.il  uiit,i,,< 
points  oi  tin  ‘.ingle  peak  *  >bs<  rv -t  I  i • »n  «>!  tin*  « »b  I  i cpie  I  v 
v  iewed  n  ip  Kit  and  *  1 .  t  \  auiviai  .vne.  I  .our  .  mp.  ii*s  with 
ri-spo  I  1 o  the  loc.il  nadir  ar**  labeled. 

10.  Variation  oi  polar  peak  corresponding  to  tour  orbital 
vantage  points  ot  Figure  w  (i,h,r(,d)  and  selected  from 
data  of  Figure  K.  Peak  always  appears  in  the  direction 
ot  tin*  night  or  dav  aurora. 

11.  DMSP  sat i*l li te  image  of  the  visible  nighttime  continuous 
aurora  nlus  discrete*  arcs  and  bands  observed  on  March  2b, 
Id/n.  A  r«* !  eri  inv  geographic  coord  i na t  e  grid  at  100  km 
altitude  overlays  the  intake.  The  satellite  subtrack  is 
sliown  bv  a  d.isln-d  vertical  lint*.  I  tie  crossing  oi  the 
equal orwnrd  edge  of  the  aurora  omirrt'd  at  b 2 r>  FT.  The 
sunset  terminator  l ies  at  the  lei t  of  the  image. 

12.  Sl-2  and  DMSP  satellite  tracks  plotted  on  invariant  lati¬ 
tude,  local  geomagnet  ie  time  auroral  oval  nomograph  for 
M.m  li  2b,  1  (i / b ,  UT  (^1.  The  image  of  the  aurora  from 
Figure  (1  has  been  sketched  iti. 

1  3.  'Hie  I. KPS,  at  288b  km  away,  with  an  aperture  id  'ii2  views 
;)ii  auroral  area  !r  x  •  -  I  MT>  km  y  2 2 r> a  km. 
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